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(54) High-pressure discharge lamp, and manufacturing method, lighting method, and lighting 
device for the same 



(57) A high pressure discharge lamp having a pair 
of electrodes with a space of 0.5mm to 2.0mm inclusive 
between them and disposed in an arc tube. An electrical 
discharge tal<es place between the electrodes. Each of 
the electrodes has an electrode rod and a head that is 



provided at the discharge side end of the electrode rod 
and having a larger diameter than the electrode rod. A 
surface of the head being opposite to the other electrode 
Is convexly curved and a protruding part Is formed in the 
vicinity of the center portion of the end of the head. 
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Description 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

[0001] The present invention relates to a short arc 
high-pressure discharge lannp. The present invention al- 
so relates to a manufacturing method, a lighting method, 
and a lighting device for the lamp. 

(2) Description of the Related Art 

[0002] Recentfy, projection type display devices, such 
as a liquid crystal projector, have been actively devel- 
oped. Such a projection type display device requires a 
highlntenslty light source, which is close to a point light 
source. Therefore, high-pressure discharge lamps, 
such as a short arc extra-high pressure mercury lamp 
and a metal halide lamp, are generally used. 
[0003] Originally, the construction of a tungsten elec- 
trode used in the short arc extra-high pressure mercury 
lamp and the metal halide lamp as the light source for 
the projection type display device was the same as that 
used in the conventional long arc high-pressure dis- 
charge lamp for a general purpose luminaire. 
[0004] Fig. 1 shows a construction of an electrode 50 
in the long arc high-pressure discharge lamp. As shown 
in this figure, the electrode 50 is composed of an elec- 
trode rod 51 made of tungsten and a coil 52 made up of 
a thin tungsten wire, with the coil 52 being set at a dis- 
charge side end of the electrode rod 51 . This coil 52 has 
a function of dissipating heat and, as such, is set in order 
to prevent the electrode from overheating. 
[0005] In the short arc lamp using the electrode 50, 
however, especially a temperature of the tip end 53 of 
the electrode further increases when compared to the 
long arc lamp, because a distance between electrodes 
is short. Thus, with thermal dissipation through the coil 
52 only, it is impossible to l<eep the tungsten electrode 
material from melting and evaporating and to keep the 
tip end of the electrode from deforming and wearing. 
This gives rise to problems that deterioration of lumi- 
nous flux from a lamp is caused and a lamp life Is short- 
ened. 

[0006] Meanwhile, the recent trend for a short arc 
high-pressure discharge lamp for a projection type dis- 
play device is to improve the luminance on the display 
screen. To achieve this by improving the efficiency for 
light utilization when combined with the reflecting mirror 
system, a lamp in a shorter arc type, in which the dis- 
tance between electrodes is reduced from conventional 
2. 0-5. 0mm to 2.0mm or less, has been developed. In 
this shorter arc type lamp, there is a new problem, spe- 
cific to the shorter arc type lamp, that an "arc jumping 
phenomenon" remarkably occurs . That is, as shown in 
Fig. 2, the electrode spot (the point where electrons are 
radiated out from the electrode as a cathpde), which was 



originally formed in the vicinity of the tip ends of the elec- 
trodes 50 and 55 is not secured at one point, but moves 
at random with the passage of the lighting hours. 
[0007] When this arc jumping phenomenon occurs, 

5 the discharge arc deviates from the optical axis of the 
lamp unit in which a reflecting mirror is incorporated. 
This causes the luminance on the display screen irradi- 
ated by the lamp unit to significantly fluctuate. There- 
fore, the market demands the development of a high- 

10 quality short arc high-pressure discharge lamp by which 
the luminance fluctuation on the display screen owing 
to the arc jumping phenomenon can be securely avoid- 
ed. 

15 SUMMARY OF THE INVENTION 

[0008] The first object of the present invention is to 
provide a high-pressure discharge lamp whose lamp life 
is relatively long and resists the arc jumping phenome- 
20 non. 

[0009] The second object of the invention is to provide 
a manufacturing method for the high-pressure dis- 
charge lamp. 

[0010] The third object of the invention is to provide a 
25 lighting method which allows a high-pressure discharge 
lamp to have a long lamp life and to resist the arc jump- 
ing phenomenon. 

[0011] The fourth object of the invention is to provide 
a lighting device which allows a high-pressure discharge 
30 lamp to have a long lamp life and to resist the arc jump- 
ing phenomenon. 

[0012] The above first object is achieved by a high 
pressure discharge lamp made up of: an arc tube en- 
closing an arc chamber that contains a light-emitting 

35 substance and is hermetically sealed; and a first elec- 
trode and a second electrode that are spaced apart from 
each other and each have an electrode rod coaxially 
extending into the arc chamber as a main body, and at 
least one of the first and second electrodes having a 

40 head integrally coupled with the electrode rod, on which 
a protrusion part Is formed, wherein the head has a larg- 
er volume per unit length in the direction of the axis of 
the electrode rod than the electrode rod, and the pro- 
truding part is fomned at a portion opposite to the other 

45 electrode. 

[0013] The above second object is achieved by a 
method for manufacturing a high pressure discharge 
lamp in which a first and a second electrodes are pro- 
vided so that tip ends of the electrodes face each other 

50 in an arc tube including the steps of: a head formation 
step for forming a head at an end of an electrode rod of 
at least one of the first and the second electrodes, 
wherein the head has a larger volume per unit length in 
the direction of the axis of the electrode rod than the 

55 electrode rod; a sesaling step for sealing the first and the 
second electrodes so that the tip ends of the electrodes 
face each other at a predetermined interval; and a pro- 
truding part formation step for forming a protruding part 
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on the head at a portion opposite to the tip end of the 
other electrode. 

[0014] The above third object is achieved by (1) a 
lighting method for a high pressure discharge lamp In 
which a pair of electrodes that each have a head at an 
end of an electrode rod and a protruding part formed at 
an end of the head are provided so that the heads of the 
electrodes face each other in an arc tube, wherein each 
head is thicker than the electrode rod, including the 
steps of : (a) increasing a discharge arc current applied 
between the electrodes, In case that a monitor voltage 
between the electrodes becomes less than a predeter- 
mined voltage; and (b) decreasing the discharge arc 
current applied between the electrodes, in case that the 
monitor voltage becomes the predetermined voltage or 
more, in which these steps are alternately repeated, and 
(2) a lighting method for a high pressure discharge lamp 
in which a pair of electrodes that each have a head at 
an end of an electrode rod and a protruding part formed 
at an end of the head are provided so that the heads of 
the electrodes face each other in an arc tube, wherein 
each head is thicker than the electrode rod, Including 
the steps of: (a) a first step for setting a frequency of an 
AC current applied between the electrodes at a first fre- 
quency when a monitor voltage between the electrodes 
rises to a first voltage; and (b) a second step for setting 
a frequency of the AC current at a second frequency, 
when the monitor voltage drops to a second voltage, the 
second voltage is lower than the first voltage, in which 
the first and the second steps are alternately repeated. 
[0015] The above fourth object is achieved by (a) a 
lighting device for a high pressure discharge lamp In 
which a pair of electrodes that each have a head at an 
end of an electrode rod and a protruding part formed at 
an end of the head are provided so that the heads of the 
electrodes face each other in an arc tube, wherein each 
head is thicker than the electrode rod, made up of: a 
current generation means for generating a current which 
is applied between the pair of electrodes; a voltage de- 
tection means for detecting a voltage developed across 
the pair of electrodes; and a control means for control- 
ling the current generation means and allowing the cur- 
rent generation means to adjustthe current between the 
pair of electrodes according to a detected result by the 
voltage detection means, and (b) a lighting device for a 
high pressure discharge lamp in which a pair of elec- 
trodes that each have a head at an end of an electrode 
rod and a protruding part formed at an end of the head 
are provided so that the heads of the electrodes face 
each other in an arc tube, wherein each head is thicker 
than the electrode rod, made up of: a current generation 
means for generating an AC current which is applied be- 
tween the pair of electrodes; a voltage detection means 
for detecting a voltage developed across the pair of elec- 
trodes; and a control means for controlling the current 
generation means and allowing the current generation 
means to adjust a frequency of the AC current between 
the pair of electrodes according to a detected result by 



the voltage detection means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 [0016] These and the other objects, advantages and 
features of the invention will become apparent from the 
following description thereof taken in conjunction with 
the accompanying drawings which illustrate a specific 
embodiment of the invention. 

10 [0017] In the drawings: 

Fig. 1 shows a shape of the tip end of a conventional 
electrode of a short arc high-pressure discharge 
lamp; 

15 Fig. 2 shows a state where an arc jumping phenom- 
enon occurs in the electrode of the above short arc 
high-pressure discharge lamp; 
Fig. 3 is a sectional view showing a construction of 
an extra-high pressure mercury lamp according to 
the embodiment of the invention; 
Fig. 4 is a partially cutaway view in perspective 
showing a configuration of a lamp unit using the 
above extra-high pressure mercury lamp; 
Fig, 5 shows a shape of an electrode in the above 
extra-high pressure mercury lamp; 
Fig. 6 shows the result of the Experiment 1 ; 
Figs. 7A and 7B are drawings to help explain man- 
ufacturing processes for melting the tip end of the 
above electrode; 

Fig. 8 shows a configuration of an argon plasma 
welding apparatus by which the above end of the 
electrode is melted; 

Fig. 9 shows the result of the Experiment 2; 
Fig. 10 shows a state of the arc discharge occurred 
between electrodes in the above extra- high pres- 
sure mercury lamp; 

Fig. 11 shows the result of an experiment in the Ex- 
periment 5 conducted so as to examine variations 
in the lamp voltage with reference to formation of 
the protruding part at the tip end of the electrode; 
Fig. 1 2 shows the result of an experiment in the Ex- 
periment 5 conducted so as to examine variations 
in the lamp voltage in the lamp whose distance De 
between electrodes was corrected in advance; 
Fig. 1 3 shows the result of an experiment in the Ex- 
periment 6 where adjustment of the distance be- 
tween electrodes De was conducted by varying a 
discharge arc current; 

Fig. 14 is a block diagram showing a configuration 
of a lighting device of the above extra-high pressure 
mercury lamp; and 

Fig. 1 5 shows the result of an experiment in the Ex- 
periment 6 where adjustment of the distance be- 
tween electrodes De was conducted by varying an 
operation frequency. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0018] The following describes a preferred embodi- 
ment of the invention, referring to the drawings. 
[0019] Fig. 3 shows a construction of an arc tube in 
an extra-high pressure mercury lamp 100 according to 
a preferred embodiment of the invention. This figure 
shows a vertical sectional view of the lamp to reveal the 
electrodes for the sake of clarity. 

[0020] As shown in this figure, the extra-high pressure 
mercury lamp 1 00 is provided with an arc tube 1 that is 
made of quarts glass with Its middle part in the direction 
of the length being spheroid. In the arc tube 1 , a pair of 
tungsten electrodes 2 and 3 are hermetically sealed, 
with their one ends being connected to pieces of molyb- 
denum foil 4 and 5 in the both ends of the arc tube. The 
outer ends of the molybdenum foil 4 and 5 are connect- 
ed to outer molybdenum lead wires 6 and 7 which lead 
to the outside of the arc tube 1 . 

[0021] Conventionally, a distance between the tip 
ends of these tungsten electrodes 2 and 3, (i.e., a dis- 
tance between electrodes De) is set at in the range of 
2.0mm to 5.0mm. In a preferred embodiment of the In- 
vention, however, the value of De is set at In the range 
of 0.6mm to 2.0mm in order to improve the efficiency for 
light utilization. Note that, in this specification, the ex- 
pression "n1 to n2" indicates the range from the lower 
limit n1 to the upper limit n2 inclusive. 
[0022] An arc chamber (discharge space) 8 inside the 
arc tube 1 is filled with mercury 9 as a light-emitting ma- 
terial, inert gases such as Ar, Kr, and Xe as a starting- 
up gas, and a halogen material such as I and Br. The 
amount of the mercury 9 is in the range of 150 to 350 
mg/cm^ per cubic foot of capacity of the arc chamber 
(which corresponds to approximately 15 MPa to 35 
MPa, if estimated in a pressure of mercury when the 
lamp is lit up in the steady state). While, the pressure of 
the inert gases is in the range of 0.01 MPa to 1 MPa 
when the lamp is cool. 

[0023] Here, Br of in the range of 1 xlO-''^ to 1 xlO'^ 
mol/cm^ is conventionally used as the halogen material. 
This material performs a service called the "halogen cy- 
cle", in which, instead of collecting on the lamp wall of 
the quarts crystal discharge lamp, the tungsten atoms 
evaporating from the electrodes are returned to the elec- 
trodes, which prevents the arc tube from blackening. 
[0024] In addition, bulb wall loading "We" (a value ob- 
tained by dividing the lamp input power by the internal 
surface area of the enclosure of the arc tube 1 ) is set at 
the relatively high range of 0.8 W/mm^ or more in order 
to realize almost the highest lamp efficiency of the 
quarts crystal arc tube. That is, the lamp efficiency of 
the high-pressure discharge lamp basically increases 
with increasing the bulb wall loading We. Therefore, in 
order to improve the lamp efficiency, the value of We is 
increased to the range corresponding to the critical tem- 
perature (approximately 1, 350K) at which the quartz 
glass arc tube can be lit up In the steady state. 



[0025] Fig. 4 is a partially cutaway view in perspective 
showing a configuration of a lamp unit 200 in which the 
above extra-high pressure mercury lamp 100 is Incor- 
porated. As shown in this figure, the lamp unit 200 is 
5 configured so that one end of the arc tube 1 isconnected 
to a base 10, and the base 1 0 is adjusted and attached 
via a spacer 11 to a reflecting mirror 12 so that the arc 
axis of the lamp lies in the optical axis of the reflecting 
mirror 12. A current is fed through the both electrodes 
10 of the extra-high pressure mercury lamp 1 00 by way of 
a lead wire 14 and a terminal 13, respectively. The lead 
wire 1 4 passes through a hole 1 5 drilled through the wall 
of the reflecting mirror 12 and is guided to outside. 
[0026] Fig. 5 shows a shape of the tip end of the elec- 
15 trode 2. A tungsten electrode rod 21 has a hemisphere- 
shaped head 22 of larger diameter than that of the elec- 
trode rod 21 at its: tip end, and a protruding part 24 is 
formed at the top of the head 22. This construction leads 
to increase of a lamp life and prevention of the arc jump- 
20 ing phenomenon. Note that, since an electrode 3 has 
the same shape as the electrode 2, the following de- 
scription on the shape of the electrodes uses only the 
reference numerals assigned to the electrode 2 in Fig. 
5 unless otherwise specified. 
25 [0027] The following is the detailed description on the 
story behind the invention of the electrode shape shown 
in Fig. 5 and effects from the shape, in conjunction with 
results of the experiments. 

[0028] First, the inventor conducted a series of exam- 
30 inations using a plurality of test lamps having the same 
basic configuration as the extra-high pressure mercury 
lamp 1 00 in Fig. 3 except the shape of the tip end of the 
electrode. The following experiments are required for 
considerations to effectively prevent the arc jumping 
35 phenomenon, which occurs with the passage of the 
lighting time. 

[0029] The specifications for the test lamps used in 
the experiments are as follows: that is, the lamp input 
power Wla is set st 1 SOW. As for dimensions of the arc 

40 tube 1 , the maximum external diameter Do of the central 
part of the vessel is 9.4mm (the maximum internal di- 
ameter Di; 4.4mm), the distance between electrodes De 
is 1 .1mm, the overall capacity of the vessel Is O.oecm^, 
the overall length Lo of the vessel is 57mm, and the in- 

45 ternal surface areei of the enclosure SI is 1 SOmm^. With 
these dimensions of the vessel, the bulb wall loading 
We of the arc tube 1 is 0.9W/mm2. 
[0030] The arc chamber is filled with mercury of 
13.8mg (230mg per cubic foot of the capacity of the 

50 chamber, which corresponds to approximately 23MPa 
of the mercury vapor pressure when the lamp is lit up) , 
argon gas at 20kPa, and Br of 1 0-®mol/cm^ of the com- 
position CH2Br2 as the halogen material. Here, the com- 
position of Br may be HBr or HgBrg. 

55 [0031] Using the test lamps, each of which was Incor- 
porated into the lamp unit 200, and an electronic ballast 
in a full bridge configuration as the lighting device which 
generates a square wave, the experiment for lighting the 
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test lamps was conducted by repeated cycles of light- 
up (3.5 hr)/shut-off (0.5 hr) with the arc tube 1 being kept 
horizontal. In order to see whether the occurrence of the 
above-stated arc jumping phenonnenon depends on the 
frequency of the used electronic ballast, the square 
wave frequency was varied in the range of 50Hz to 
1 ,OOOHz. After lighting up the test lamps for a predeter- 
mined time period, the test lamps were lit up for 2 hours, 
while being examined whether the arc jumping phenom- 
enon had occurred or not (5 lamps were examined for 
each experiment). 

(Experiment 1) 

[0032] First, for a preliminary study, the inventor pre- 
pared test lamps having electrodes 50 shown in Fig. 1 
for conventional long arc lamps, and examined these 
lamps as to whether the arc jumping phenomenon oc- 
curred or not with the passage of the lighting time. 
[0033] In this experiment, the electrode was com- 
posed of a tungsten electrode rod 51 of 0.4mm in thick- 
ness and a double-layered wound coil 52 (8 turns of coil) 
made up of a tungsten wire of 0.2mm in thickness, with 
the coil 52 being inserted and fixed at a tip end of the 
electrode rod 61. The material of the electrode rod 51 
and the coll 52 was high purity tungsten in which the 
total content of A1 , Ca, Cr, Cu, Fe, Mg, Mn, Ni, Si, Sn, 
Na, K, Mo, U, and Th elements as accessory compo- 
nents was lOppmorless. It is known that this high purity 
tungsten prevents blackening of the arc tube throughout 
the lamp life, which leads to improvement of the lumi- 
nous flux maintenance factor. Fig. 6 shows the result of 
this preliminary experiment. . 

[0034] This experiment discloses the following facts. 

(1) The arc jumping phenomenon has occurred in 
the all test lamps having electrodes 50 for conven- 
tional long arc lamps within 500 hours of lighting 
time. Examining the electrodes of the test lamps af- 
ter the experiment, it was observed that the tip end 
parts were defomied and worn. 

(2) Examining the correlation between the occur- 
rence of the arc jumping phenomenon and the op- 
eration frequency of the symmetric square wave, 
the lighting hours by which the arc jumping phenom- 
enon had occurred had the tendency to be in- 
creased in the range of operation frequency of 
700Hz or less, while to be decreased in the range 
of operation frequency of more than 700 Hz. 

[0035] From the above-stated facts, it was found that, 
as far as the electrodes 50 for conventional long arc 
lamps are used, the high-pressure discharge lamp by 
which the object of the invention can beach ieved (that 
is, the short arc high-pressure discharge lamp which can 
securely prevent the arc jumping phenomenon) cannot 
be obtained. In addition, it was also found that there was 
a correlation between the occurrence of the arc jumping 



phenomenon and the operation frequency of the sym- 
metric square wave. 

(Experiment 2) 

5 

[0036] For the second examination, the inventor con- 
ducted an experiment using an electrode having a larger 
diameter part at its end, in the expectation that the arc 
jumping phenomenon would be prevented by suppress- 
10 ing the deformation and wearing of the tip of the elec- 
trode of the lamp. 

[0037] Fig. 7B is a partially cutaway sectional view 
showing the shape of the tip end of the electrode. A sub- 
stantially hemisphere-shaped head 22 is formed at the 

15 tip end of the electrode rod 21 . 

[0038] This shape is obtained by attaching a tungsten 
wire coil 23 at the tip end of the tungsten electrode rod 
21 , then melting the tip end of the electrode rod 21 and 
apart of the coil 23. In this experiment, more specifically 

20 the tungsten electrode rod of 0.4mm in thickness was 
inserted into and fixed to the two-layered wound coil 23 
(8 turns of coil) made up of a tungsten wire of 0.2mm in 
thickness and the tip ends of the tungsten electrode rod 
21 and of the coil 23 were melted by electrical discharge 

25 machining using an argon plasma welding apparatus. 
[0039] Fig. 8 shows the configuration of the argon 
plasma welding apparatus. As shown in this figure, a 
plasma torch 40 consists of a nozzle 41 and a cathode 
rod 42, with the cathode rod 42 being inserted into the 

30 nozzle 41 so that it has clearance when inserted. In this 
apparatus, arc discharge is generated by applying a 
high voltage between the electrode rod 21 and the cath- 
ode rod 42, while an operative gas including argon is 
fed through the nozzle 41, whereby high temperature 

35 plasma is generated and a-melt process is conducted 
to the tip end opposite to the plasma torch 40 of the elec- 
trode. 

[0040] There is a tendency for the melted tip end (i. 
e., the melted tungsten) to contract in a sphere shape 

40 due to the surface tension. As a result, the tip end is 
formed in the substantially hemisphere shape. It Is pref- 
erable that, in order to form the hemisphere shape (i.e., 
convexly curved surface) being symmetric with respect 
to the center of the axis of the electrode, the melt proc- 

45 ess is conducted to the electrode rod 21 and the plasma 
torch 40 with each major axis lying in the same vertical 
axis, because the shape of the tip end is influenced by 
the gravity. It is also preferable that, in order to form the 
tip end of the electrode being closer to the ideal hemi- 

50 sphere shape, the electrode rod is provided above the 
plasma torch 40, that is, so that the convexly curved sur- 
face in a hemisphere shape points downward. 
[0041] Also, in this electrical discharge machining 
process, in order not to leave defects such as a void 

55 inside the melted head 22, the machining temperature 
of the head 22 was appropriately controlled by combin- 
ing intennlttently arc discharge machining performed a 
plurality of times (arc current; 32A x 30msec, 5 to 8 
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times) with a predetermined cooling time (1 .5 to 3.0 
sec). 

[0042] By providing the head 22 having a larger diam- 
eter at the tip end of the electrode rod 21 as above, the 
heat capacity of this part is increased, whereby this part 
is resistant to melting deformation due to the arc dis- 
charge. In addition, since the head 22 is substantially 
integral with the coil 23 by the melt process, heat is im- 
mediately conducted to the coll 23, so that the temper- 
ature of the head 22 becomes hard to rise, which pre- 
vents the deformation and wearing of the tip end of the 
electrode due to melting and evaporation of the elec- 
trode material and leads to increase of the lamp life. 
[0043] The inventor prepared the test lamps having 
the improved electrodes shown in Fig. 7B, and exam- 
ined a correlation between the lighting time and occur- 
rence of the arc jumping phenomenon in the same man- 
ner as the above Experiment 1 . From this experiment, 
a result shown In Fig. 9 was obtained. 
[0044] The design of the lamp and the arc tube used 
in this experiment is the same as in Experiment 1 , ex- 
cept the construction of the electrode. 
[0045] As shown in this Fig. 9, the experiment, where 
the test lamps having the electrodes with the above-stat- 
ed heads subjected to the melt process were used, 
made a correlation between the occurrence of the arc 
jumping phenomenon and the operation frequency of 
the symmetric square wave of the electronic ballast very 
clear. That is, in the all test lamps which were lit up at 
the frequencies higherthan 700Hz, the arc jumping phe- 
nomenon has occurred within 500 hrs. This result was 
almost the same as in the Experiment 1 where the lamps 
having-the electrodes for long arc lamps were exam- 
ined. Meanwhile, as for the test lamps which were lit up 
at the frequencies in the range of 50Hz to 700Hz, the 
lighting hours by which the arc jumping phenomenon oc- 
curred was remarkable increased. Among 25 test 
lamps, the arc jumping phenomenon has not occurred 
in 23 lamps until 3,000 hours. When compared to Ex- 
periment 1 , the lamp lives were dramatically increased. 
[0046] It can be considered that the reason why the 
operation frequency 700Hz was a border of the results 
of this experiment does not result from the larger diam- 
eter part at the tip end of the electrode rod 21 only. Then, 
when the inventor observed the state of deformation of 
the tip end of the electrode during arc discharge In detail, 
the tip end parts of the electrodes of test lamps in which 
the arc jumping phenomenon had occurred within 500 
hrs were relatively deformed and worn, and they did not 
have original hemisphere shapes. On the other hand, 
when observing the test lamps which were lit up at the 
operation frequencies in the range of 50 to 700 Hz and 
in which the arc jumping phenomenon had not occurred 
until 3,000 hrs, deformation and wearing of the tip of the 
hemisphere-shaped electrodes was slight and protrud- 
ing parts were formed on the extension of the electrode 
axis (i.e., in the vicinity of the center portion of the hem- 
isphere). 



[0047] Fig. 1 0 s hows the shapes of the electrodes 2 
and 3 in this case. Protrudent parts 24 and 34 were 
formed in the vicinity of center portions of the hemi- 
spheres of the heads 22 and 32 (i.e. , the closest portions 

5 to the opposite electrodes), so that the arc was stably 
produced between both protruding parts 24 and 34 and 
the arc jumping phenomenon became hard to occur. 
[0048] From those observations, it became evident 
that the head of a larger diameter and having a convexiy 

10 curved surface toward the opposite electrode, which is 
formed at the tip end of the electrode, and the protruding 
part which is formed in the vicinity of the center portion 
of the tip end were the essential construction for secure- 
ly preventing the arc jumping phenomenon in the short 

15 arc discharge lamps. 

[0049] Moreover, examining the procedures where 
the protruding parts were fornied in the above lighting 
experiment, it wajs confirmed that the protruding parts 
were formed within 10 hrs, that is, at an early stage of 

20 the lighting hours (2 to 3 hrs on average). It can be con- 
sidered that such a phenomenon results from the dep- 
osition of tungsten especially in the vicinity of the center 
portion of the electrode tip whose temperature is the 
highest in the eloctrode, which evaporated from the 

25 electrode and returned to there due to a halogen cycle 
function realized by filling Br. 

[0050] In general, the degree of this halogen cycle Is 
strongly influenced by the temperatures of the head and 
the bulb wall and the amount of the halogen material. 

30 -When the head 22 having a larger diameter is formed, 
the heat capacity of the part is increased, so that the 
rise in the temperature can be prevented as compared 
to the electrodes for long arc lamps. Therefore, It can 
be thought that tungsten is concentrated and deposited 

35 on the hightemperature tip end portions where the arc 
discharge is produced, whereby the protrudent portions 
are formed. 

[0051] Another feature of the protruding part is that 
the shape of the protruding part 24 fonned at the early 

40 stage of the lighting hours does not change until 3, 000 
hrs after that. This Is because deposition of tungsten on 
the protruding part 24 due to the halogen cycle function 
and evaporation of tungsten due to the temperature are 
balanced when the protruding part becomes a predeter- 

45 mined size (In this example experiment, the height of 
the protruding part is approximately 0.05mm on 
average) . This protruding part enables the discharge 
arc to be fixed to the vicinity of the center portion of the 
electrode tip over lighting times of 3,000 hrs, whereby 

50 the arc jumping phenomenon can be prevented. 

[0052] Meanwhile, the reason why the arc jumping 
phenomenon prominently occurs at the frequencies of 
the symmetric square wave more than 700Hz can be 
considered as follows. That is, the distance between 

55 electrodes De Is short (0.5 to 2.0mm) , which is the object 
of the invention, and the mercury vapor pressure in the 
arc tube is in high range of 15 MPa to 35 MPa in the 
extra-high pressure mercury lamp. In such a lamp, an 
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acoustic resonance phenomenon is easy to occur even 

in the low operation frequency range from 700H2 to 1 , 
OOOHz exclusive. It can be considered that this phenom- 
enon basically causes the instability of the discharge 
arc, accelerates the deformation and wearing of the tip 
of the electrode, and finally triggers the arc jumping phe- 
nomenon. 

[0053] From the above-mentioned considerations, it 
became evident that the protruding part for stabilizing 
the discharge arc should be provided in the vicinity of 
the center portion of the tip end of the electrode, which 
is processed so as to having a convexly curved surface, 
in orderto almost securely prevent the arc jumping phe- 
nomenon, which occurs with the passage of the lighting 
time in the short arc extra-high pressure mercury lamp. 

(Experiment 3) 

[0054] Thirdly, the inventor prepared test lamps 
whose amount of Br in the arc tube 1 was varied in the 
range of 1 xlO'io to 1 x10-4 mol/cm^ In order to clarify 
a correlation between the phenomenon in which the pro- 
truding part 24 Is formed in the vicinity of the center por- 
tion of the head 22 and the amount of Br performing the 
halogen cycle function. Then, the inventor examined the 
phenomenon in which the protruding part 24 was formed 
during aging in a square wave operation at the operation 
frequency of 150Hz. 

[0055] In this experiment, the design of the lamp and 
the arc tube was the same as in Experiment 2 except 
the amount of Br. Through this experiment, the following 
facts were found. That is, If the amount of Br filled In the 
arc tube 1 was in the range of 1 x 1 0"^ to 1x1 0'^ mo!/ 
cm3, the protruding part 24 having the shape so that the 
discharge arc can be converged was formed in the vi- 
cinity of the center portion of the head 22 within 1 0 hours 
after the lamp was lit up. In addition, it was confinned 
that, with theses lamps, the arc jumping phenomenon 
could be almost securely prevented until 3, 000 hours 
after the lamps were lit up. 

[0056] While, if the amount of Br was less than the 
above-stated range, the protruding part 24 for converg- 
ing the discharge arc 24 was not formed, because the 
halogen cycle did not function well. On the other hand, 
If the amount of Br was more than the above-stated 
range, the protruding part 24 itself was formed, but the 
halogen cycle excessively functioned and a relatively 
large needle-shape protrudent portion 24 was formed. 
Consequently, the head 22 was deformed and did not 
have a convexly curved surface in a hemisphere shape, 
so that wearing of the tip of the electrode was consider- 
ably increased. 

[0057] As stated above, by specifying the amount of 
Br in the above range, the protruding part 24 which has 
a great effect for preventing the arc jumping phenome- 
non can be easily fomned at the early stage of the lighting 
time. 



(Experiment 4) 

[0058] For the fourth examination, the inventor pre- 
pared electrodes, in each of which a protruding part had 

5 been formed in advance in the vicinity of the center por- 
tion of the tip end of the electrode processed so as to 
have a convexly curved surface in a hemisphere shape, 
In order to support the effect of the protruding part 24 
for preventing the arc jumping phenomenon. Then, the 

10 inventor examined the occurrence of the arc jumping 
phenomenon in the lamps having these electrodes dur- 
ing aging in a square wave operation at the operation 
frequency of 150Hz. 

[0059] In this experiment, the electrodes 2 and 3 were 

IS produced by the processes in which (i) electrodes sub- 
jected to the melt process so that the end portions have 
convexly curved surfaces, which were the same as in 
the Experiment 2, were prepared, (ii) a small piece made 
of tungsten wire (0 0.1 5mm x 0.7mm) was melted and 

20 welded onto the vicinity of the center portion of the head 
22 having the convexly curved surface, using the above- 
mentioned argon plasma welding apparatus, whereby 
the same portion as the above-mentioned protruding 
part 24 was formed. 

25 [0060] The amount of Br filled in the arc tube 1 was 
set at 0 . 4x10"^ mol/cm^ within the range where the 
protruding part 24 was not formed at the early stage of 
the lighting time. Here, the design of the lamp and the 
arc tube used in this experiment is the same as in Ex- 

30 periment 2, except the electrode and the amount of Br 
filled In the lamp. Through the result of this examination 
also, It was confirmed that the discharge arc was stably 
converged into the vicinity of the center portion of the 
tip end of the head 22 when the lamps were lit up in the 

35 Steady state, and the arc jumping phenomenon could 
be almost securely prevented until 3,000 hours after the 
lamps were lit up. 

[0061] As stated above, It became evident that the 
discharge arc can be stably converged into the vicinity 

^0 of the center portion of the tip end of the electrode which 
was processed so as to having the convexly curved sur- 
face in the hemisphere shape by forming the protruding 
part at the portion, whereby the arc jumping phenome- 
non can be securely prevented. It was also found that 

45 the protruding parts can be easily fomned by specifying 
the amount of Br filled in the arc tube in the specific 
range, and by lighting up the lamps in a short period of 
time. 

50 (Experiment 5) 

[0062] Finally, the inventor examined problems which 
would occur when the above method for forming the pro- 
truding part 24 by lighting up the lamp in a short period 
55 time was applied to the actual lamps. 

[0063] Forming the protruding part using the halogen 
cycle, a lamp voltage decreased by relatively large 
amount with decreases in the distance between elec- 
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trades De. When the lamp voltage was less than the 
designated lamp voltage, an optical output power, i.e., 
a luminance on the display screen was decreased, be- 
cause a lamp input power was decreased. 
[0064] Fig. 11 shows a result of the experiment, which 
indicates a variation AV1 a developed due to the forma- 
tion of the protruding part at the tip end of the electrode. 
[0065] This figure shows a result of measuring the 
variation in the lamp voltage AVI a after 10 hours has 
elapsed since the lamp was lit up. As shown in this fig- 
ure, the lamp voltages were decreased by 6 . 2V on av- 
erage in the test lamps which were lit up at the lighting 
frequencies of 50 to 700Hz so that the protruding parts 
24 were formed in the vicinity of the tip of the heads 22. 
On the other hand, the lamp voltage was increased by 
5.7V in the test lamps which were lit up at frequencies 
more than 700Hz so that no protruding parts were 
formed there. 

[0066] The reason why the lamp voltage was de- 
creased by a relatively large amount due to the forma- 
tion of the small protruding part can be considered as 
follows. That is, in case of the short arc type lamp whose 
distance between electrodes de is 2. 0mm or less, even 
when a small variation occurs in the height of the pro- 
truding part, a variation ratio to the distance between 
electrodes De(Ade/De) becomes relatively large. 
[0067] As stated above, although the arc jumping 
phenomenon, which is specific to the short arc type lamp 
can be prevented, it is difficultto makethe high-pressure 
discharge lamp of the invention practicable unless the 
problem of decrease in the lamp voltage is solved. 
[0068] Then, In orderto solve the problem of decrease 
in the lamp voltage as above, the distance between 
electrodes was increased in advance by a distance cor- 
responding to the growth of the protruding part (d1+d2 
In Fig. 10). 

[0069] From Fig. 1 1 , an average electric potential gra- 
dient Ela of the discharge arcs in the test lamps Is 56V/ 
mm (= (average initial lamp voltage VI a)/(distance be- 
tween electrodes De)=61 .6V/1 .1 mm). Therefore, the 
average variation in the lamp voltage (decrease) 
AV1a=-6.2V corresponds to approximately 0.1mm of a 
variation Ade in the distance between electrodes De. 
[0070] Then, the inventor prepared the test lamps 
whose distance between electrodes Dbq was 1 .2mm, in 
consideration of the average variation in the lamp volt- 
age (decrease) AVI a (=-6.2V) after the initial lighting, i. 
e., the variation in the distance between electrodes Ade 
(=0.1 mm), and examined the formation of the protrud- 
ing parts and the variation in the lamp voltage AVI a after 
10-hour aging. 

[0071] Note that the design of the arc tubes in the fol- 
lowing test lamps is the same as in the above Experi- 
ment 2, unless othenwise specified, and the operation 
frequency is 150H2. 

[0072] As shown In Fig. 12, the protruding parts were 
observed after 10-hour aging, the average variation in 
the lamp voltage AV1 a was -6.2V, and the average lamp 



voltage VI a after aging was close to the rated value 61 V 
of the lamp. As stated above, the shapes of the protrud- 
ing parts 24 have not much changed after that until 

3.000 hours, so that the lamp voltages have been rela- 
5 tively stable and the arc jumping phenomenon was able 

to be almost securely prevented. 
[0073] In this way, a desired optical output power can 
be obtained by correcting the distance between elec- 
trodes De in advance by the variation Ade resulting from 
10 the formation of the protruding parts by initial lighting. 

(Experiment 6) 

[0074] Next, the inventor examined methods for ad- 
15 justing the distance between electrodes De by varying 
the lighting conditions, and invented the following two 
methods. The first method is to force the discharge arc 
current to be decreased and increased, and the second 
method is to change the operation frequency. The fol- 
20 lowing describes these methods in detail. 

(1 ) Decrease and Increase In the Discharge Arc Current 

[0075] It can be considered that, if the discharge arc 
25 current is increased more than the predetennined value, 
then the temperature in the vicinity of the center portion 
of the electrodes Is Increased, and evaporation of tung- 
sten from there becomes active as compared to depo- 
sition of tungsten due to the halogen cycle function, so 
50 that the size of the protruding parts will be reduced. 
[0076] In view o1 the above considerations, the Inven- 
tor conducted an experiment where the lamp voltage 
was measured by increasing the discharge arc currents 
from 2.45A to 2.72A on average. Fig. 13 shows the re- 
35 suit of the experiment. 

[0077] As shown in Fig. 1 3, although the Initial lamp 
voltage was 61.2V on average. It was decreased by 

6.1 V on average after 1 0 hours since the lamps were lit 
up. However, when the discharge arc current was in- 

40 creased, the lamp voltage was increased to a variation 
of -3.8V on average In comparison to the initial lamp volt- 
age. In response to changes in the voltage, it was con- 
firmed that the size of the protruding parts was reduced. 
[0078] By this experiment, it was shown that, in case 

45 of decrease in the lamp voltage, the length of the pro- 
truding part was able to be reduced by increasing the 
discharge arc current, whereby the lamp voltage was 
able to be restored. On the other hand, in case of In- 
crease in the lamf) voltage to be more than the rated 

50 value, it can be considered that a length of the protruding 
part becomes too short. Therefore, If the length is re- 
stored by decreasing the discharge arc current by a pre- 
detennined value, the lamp can always be lit up at the 
optimum lamp voltage. 

55 [0079] As a result of a confirmation experiment ac- 
cording to this lighting method, it was confirmed that the 
lamp voltages of the test lamps have been stable 
throughout the lighting time of 3,000 hours, and the arc 
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jumping phenomenon was able to be prevented. There- 
by, it was shown that an optical output power without 
fluctuation and decrease in the luminance on the display 
screen, but with a long life and a high quality can be 
obtained by the lighting method of the invention. 
[0080] Fig. 14 Is a block diagram showing the con- 
struction of a lighting apparatus (ballast) 300 for execut- 
ing the above lighting method. As shown in this figure, 
this lighting apparatus 300 is made up of a DC power 
supply 301, a DC/DC converter 302, a DC/AC inverter 
303, a high voltage generator 304, a control unit 305, a 
current detector 306, and a voltage detector 307. 
[0081] The DC power supply 301 converts AC 100V 
to 240V for home use into a DC voltage, and the DC/DC 
converter 302 supplies a predetermined DC current 
controlled by the control unit 305 to the DC/AC inverter 
303. The DC/AC inverter 303 generates an AC square 
wave current at a predetermined frequency according 
to directions from the control unit 305 and transmits the 
same to the high voltage generator 304. The high volt- 
age generated at the high voltage generator 304 is ap- 
plied to the extra-high pressure mercury lamp 100. 
[0082] Meanwhile, detected signals obtained from the 
current detector 306 which detects the discharge arc 
current from the extra-high pressure mercury lamp 1 00 
and the voltage detector 307 which detects the lamp 
voltage across the same lamp 100 are input to the con- 
trol unit 305. The control unit 305 lets the DC/DC con- 
verter 302 generate a predetermined current by control- 
ling the same on the basis of these input signals. 
[0083] More specifically, the control unit 305 stores a 
reference voltage and a control program in its internal 
memory. In comparison between the detected lamp volt- 
age and the reference voltage, if the former is lower than 
the latter, the control unit 305 lets the DC/DC converter 
302 feed a higher discharge arc current A1 by perform- 
ing a feed-back control. While, If the former Is higher 
than the latter, the control unit 305 lets the DC/DC con- 
verter 302 feed a discharge arc current A2 higher than 
A1 by performing a feed-back control. The rated lamp 
voltage is designated as the reference voltage, and spe- 
cific values of A1 and A2 can be predetermined through 
experiments for each lamp type. 

[0084] Here, if a change in the discharge arc current 
is carried out only after a lamp voltage variation AVI a 
becomes more than a predetemiined value, the varia- 
tion is obtained from the detected lamp voltage, the fre- 
quency of the current switching control can be reduced. 

(2) Change in the Operation Frequency 

[0085] Next, the inventor paid attention to the fact that 
the protruding parts were not formed when the operation 
frequency of the symmetric square wave was more than 
700Hz. Then, the inventor performed an experiment in 
which the test lamps having the protruding parts 24 after 
the initial lighting at the frequency of 150Hz had been lit 
up for 10 hours at the frequency of BOOHz, and exam- 



ined changes in their shape of the protruding parts 24 
and changes in the lamp voltage variation AVI a. Fig. 1 5 
shows the result of this experiment. 
[0086] As shown in this figure, when the test lamps 
5 having the protruding parts had been lit up for 1 0 hours 
at the frequency of 1 50Hz, the lamp voltage decreased 
by 6.0V on average from the initial state. While, when 
the same test lamps had been (it up for 1 0 hours at the 
frequency of 800Hz, it was observed that the protruding 
10 parts had practically disappeared, which was different 
from the case where the size of the protruding parts 
were reduced in the above (1). Corresponding to this 
state, the lamp voltage variation AV1a has decreased 
and the lamp voltage returned to the original value be- 
15 fore the initial lighting. 

[0087] It can be considered that th e disappearance of 
these protruding parts results from increase in evapora- 
tion of tungsten due to. increase in the temperature of 
the tip of the head 22. In addition, the inventor confirmed 
that, when the test lamps whose protruding parts had 
disappeared had been lit up for 1 0 hours at the frequen- 
cy of 150Hz again, the protmding parts were formed 
again and the lamp voltage Via also decreased again. 
[0088] As stated above, focusing attention to the phe- 
nomenon where formation and disappearance of the 
protruding parts 24 can be repeated by changing the op- 
eration frequency, the inventor conducted the following 
experiment. That is, with the lighting apparatus having 
a feed-back control circuit by which (i) fluctuations ± 
AVI a from the initial lamp voltage during the aging are 
detected, and (ii) the square wave frequency is switched 
from 150Hz to BOOHz every time the value of AVI a is 
equal to -2V, the inventor observed changes In the 
shapes of the heads in the test lamps during aging and 
the generation state of the arc jumping phenomenon. 
[0089] As a result, it was found that deformation and 
wearing of the tip of the electrode was relatively slight, 
and the arc jumping phenomenon rarely occurred. 
Moreover, fluctuations in the lamp input power, (i.e., 
fluctuations in the luminance of the display screen) was 
decreased to approximately to one third the original one, 
which does not matter for practical use. 
[0090] In this way, to control the lamp voltage variation 
AV1 a so as to be in a relatively small range during aging 
by changing the operation frequency of the symmetric 
square wave of the ballast may be one of the methods 
to solve the problems. 

[0091] Note that a pair of switched frequencies is not 
limited to this one (i .e. , 1 50Hz and BOOHz) , and the other 
appropriate frequency may be selected among any fre- 
quencies from 50Hz to 700Hz inclusive to grow the pro- 
truding part 24. On the contrary, in order to diminish the 
protruding part, the other appropriate frequency can be 
selected among any frequencies either less than 50Hz 
or 750Hz or more. 

[0092] Here, it was observed that, although the pro- 
truding part diminished at the frequencies of less than 
50Hz and 750Hz or more, the diminishing can be more 
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rapidly performed at the frequencies less than 50Hz 
than 750Hz or more. The reason can be considered as 
follows. That Is, if the frequency is less than 50Hz. a time 
period until the polarity is reversed (a half period) will be 
increased correspondingly. Since this is close to the 
state where a DC current is applied between electrodes, 
the tip of the electrode reaches a higher temperature 
than the case at the higher frequency, and the material 
becomes easy to evaporate. 

[0093] In summary, if diminishing of the protruding 
parts is desired, a frequency of less than 50H2 or750Hz 
or more may be selected. In this case, In tenns of the 
speed of diminishing, It Is preferable to select a frequen- 
cy of less than 50Hz. 

[0094] The lighting apparatus for executing the 
above-stated lighting method has the same construction 
as the lighting apparatus 300 shown in Fig. 1 4. However, 
the control content of the control unit 305 is different. 
That is, in this apparatus, the control unit 305 gets the 
lamp voltage variation AVI a according to the lamp volt- 
age detected by the voltage detector 307. If the variation 
becomes more than the predetermined value, then the 
control unit 305 selects a frequency according to the po- 
larity of the variation so that the protruding part becomes 
a normal size, and gives a direction to the DC/AC invert- 
er 303 so as to generate a square wave at the operation 
frequency. 

[0095] From the above results and considerations 
through the experiments 5 and 6, it became evident that 
the problem that the lamp input power decreases with 
decreases in the lamp voltage, coming with the forma- 
tion of the protruding parts 24 at the head 22 in order to 
prevent the arc jumping phenomenon can be solved by 
the following three means: (a) correction of the distance 
between electrodes De in advance, (b) correction of the 
distance between electrodes De by the discharge arc 
current, and (c) correction of the distance between elec- 
trodes De by the frequency of the square wave. 
[0096] As described above, the invention enables the 
discharge arc to converge at the vicinity of the tips of 
the electrode by forming the protruding part in the vicin- 
ity of the center portion of the tips of the electrodes, so 
that the arc jumping phenomenon due to aging can be 
securely prevented. In addition, the invention solves the 
problems of decrease in the lamp Input power coming 
with the formation of the prudent part using the effective 
means shown in the above (a) to (c). Therefore the ex- 
tra-high pressure mercury lamp having a short arc con- 
struction, while having a high quality, i.e., being free from 
fluctuations and decrease in the luminance on the dis- 
play screen, can be realized. 

(Manufacturing Method) 

[0097] Finally, a method for manufacturing the above 
extra-high pressure mercury lamp 1 00 will be briefly de- 
scribed. This method can be roughly divided into the fol- 
lowing three steps. 



(1 ) Step for forming a head 

[0098] As described with reference to Figs. 7A and 
7B, a two-layered wound tungsten coil 23 is attached to 
5 the tip of the electrode rod 21 made of tungsten (Fig. 
7A), then the tip is melted using the argon plasma weld- 
ing apparatus (See Fig. 8) to fonn a substantially hem- 
isphere-shaped head 22 (Fig. 7B). 

10 (2) Step for sealing electrodes 

[0099] A piece of molybdenum foil and an outer mo- 
lybdenum lead wire are connected to either end of a pair 
of electrodes formed as in Fig. 7B and the arc tube 1 is 

15 sealed at both ends so that the electrodes face each 
other with an interval longer than De by Ade between 
them in order to obtain a rated output power. 
[0100] In this case, air within the vessel is extracted, 
while the previously mentioned amount of mercury and 

20 a halogen material are filled. Here, the value of Ade is 
substantially equal to the sum of heights of protruding 
parts fonned at the both electrodes in the next step for 
forming the protruding parts, and this can be obtained 
in advance through experiments. 

25 

(3) Step for forming protruding parts 

[0101] The protruding part 24 Is formed at the tip of 
the head 22 by lighting up the extra-high pressure mer- 

30 cury lamp 100 whose electrodes were sealed using a 
square wave current for a predetermined time period. 
This predetermined time is preferably a required time 
for the protruding part 24 to grow to a predetennlned 
height and to become stable in the height due to the hal- 

35 ogen cycle function. Thus, this time varies to some ex- 
tent according to various conditions. In a preferable em- 
bodiment of the invention, this is set at approximately 3 
hours. 

[0102] In this step, a frequency of the AC square wave 
40 lighting is set at an appropriate frequency in the range 
of 50Hz to 700Hz. Thereby, the protruding part is formed 
in the vicinity of the center portion of the hemisphere- 
shaped head as above. 

[0103] According to the above steps, the extra-high 
45 pressure mercury lamp 100 having the electrodes 
shown In Fig. 5 can be fabricated. 

(Modifications) 

50 [0104] Naturally, the invention is not limited to the 
above embodiments, and the following modifications 

are applicable. 

[0105] (1) In the above embodiments, the tip of the 
electrode rod is a substantially hemisphere-shape. 
55 However, It can be considered that the protruding part 
is formed at a portion where the arc discharge is easy 
to occur, that is, the? closest portion to the opposite elec- 
trode. Therefore, even if the surface facing the opposite 
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electrode has a convexly curved surface, other than the 
hemisphere shape, the protruding part can be stably 
formed at the top of the convexly curved surface or in 
the vicinity thereof. 

[0106] In addition, if adopting a method in which a 5 
small piece of tungsten Is attached to the tip of the elec- 
trode by means of welding or the like, not the halogen 
cycle function during the initial lighting, there is no need 
to consider the portion where the protruding part is easy 
to be formed during the initial lighting. Therefore, as far io 
as the heat capacity of the tip of the head is larger than 
that of the electrode rod, there Is no need to limit the 
shape to the convexly curved surface. 
[0107] In case that the shape of the tip of the head is 
not limited to the convexly curved surface as above, In ^5 
general, as far as the electrode is configured so that a 
volume of the head per length in the axis direction is 
larger than that of the electrode rod, the heat capacity 
of the tip of the head (strictly speaking, the heat capacity 
per length in the axis direction) can be larger than that 20 
of the electrode rod. 

[0108] (2) In the above embodiments, Br is selected 
as the halogen material for performing the halogen cycle 
function. However, the other appropriate halogen mate- 
rial may be used. 25 
[0109] (3) In the above embodiments, when the pro- 
truding parts 24 are formed in the vicinity of the center 
portion of the hemisphere-shaped head 22, a square 
wave current at an appropriate frequency among 50 to 
700Hz are applied there. However, this is not limited to 30 
the square wave but may be an AC sine wave. 
[01 1 0] (4)The above embodiments show examples of 
the extra-high pressure mercury lamp in which the dis- 
tance between electrodes De is in the range of 0.5mm 
to 2.0mm, and the mercury vapor pressure is in the 55 
range of 15MPa to 35MPa when the lamp lights up in 
the steady state. Naturally, the invention can apply to 
the other high-pressure discharge lamps which have the 
problem of the arc jumping phenomenon. 
[0111] (5) Finally, the above embodiments deal with 40 
AC discharge lamps. However, the effects obtained 
from the above shape of the electrode against the arc 
jumping phenomenon must be theoretically realized in 
DC discharge lamps as well. In this case, at least an 
electrode as an anode may have the head whose tip has ^5 
a convexly curved surface on which the protruding part 
is formed as above. 

[0112] Although the present invention has been fully 

described by way of examples with reference to the ac- 
companying drawings, it is to be noted that various so 
changes and modifications will be apparent to those 
skilled in the art. Therefore, unless such changes and 
modifications depart from the scope of the present in- 
vention, they should be construed as being included 
therein. ss 



Claims 

1. A high pressure discharge lamp comprising: 

an arc tube enclosing an arc chamber that con- 
tains a light-emitting substance and Is hemiet- 
ically sealed; and 

a first electrode and a second electrode that are 
spaced apart from each other, and each have 
an electrode rod coaxially extending into the arc 
chamber as a main body, and at least one of 
the first and second electrodes having a head 
integrally coupled with the electrode rod, on 
which a protrusion part is formed, 
wherein the head has a larger volume per unit 
length in the direction of the axis of the elec- 
trode rod than the electrode rod, and 
the protruding part Is formed at a portion oppo- 
site to the other electrode. 

2. The high pressure discharge lamp of Claim 1 , 

wherein a surface of the head being opposite 
to the other electrode is convexly curved, and 
the protruding part is disposed on the surface 
at the nearest portion to the other electrode. 

3. The high pressure discharge lamp of Claim 1 , 

wherein the light-emitting substance includes 
mercury. 

a distance between the first and second elec- 
trodes is in a range of 0.5mm to 2.0mm inclu- 
sive, and 

a mercury vapor pressure within the arc cham- 
ber is in a range of 1 5MPa to 35MPa Inclusive, 
when the lamp Is lit up in the steady state. 

4. The high pressure discharge lamp of Claim 1 , fur- 
ther comprising: 

a halogen substance filling the arc chamber 
In a range of 1 x 1 0*^ mol/cm^ to 1 X 1 0*5 mol/cm^ 
inclusive. 

5. The high pressure discharge lamp of Claim 4, 

wherein the halogen substance Is bromine, 

6. A method for manufacturing a high pressure dis- 
charge lamp In which a first and a second elec- 
trodes are provided so that tip ends of the elec- 
trodes face each other in an arc tube comprising the 
steps of: 

a head formation step for forming a head at an 
end of an electrode rod of at least one of the 
first and the second electrodes, wherein the 
head has a larger volume per unit length in the 
direction of the axis of the electrode rod than 
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the electrode rod; 

a sealing step for sealing the first and the sec- 
ond electrodes so that the tip ends of the elec- 
trodes face each other at a predetermined in- 
terval; and 5 
a protruding part formation step for forming a 
protruding part on the head at a portion oppo- 
site to the tip end of the other electrode. 

The method for manufacturing the high pressure io 
discharge lamp of Claim 6, 

wherein, In the sealing step, In case that a 
specified distance between the first and the second 
electrodes is De, the first and the second electrodes 
are sealed in the arc tube so that the tip ends face 15 
each other at the interval equal to the sum of the De 
and Ade. 



wherein the sealing step further comprising the 
step of: 

filling the arc tube with a halogen material In a 
range of 1 x 1 0-9 mol/cm^ to 1 x 1 0-5 mol/cm^ in- 
clusive. 

14. The method for manufacturing the high pressure 
discharge lamp of Claim 6, 

wherein the head formation step comprising 
the steps of: 

covering the end of the electrode rod with coil; 
and 

melting tlie end of the electrode rod and the 
coiL whilo keeping the electrode rod with the 
end being downward and the axis being ap- 
proximately in the vertical direction. 



8. The method for manufacturing the high pressure 
discharge lamp of Claim 6, 

wherein, in the protruding part formation step, 
the protruding part Is formed by applying an AC cur- 
rent between the first and the second electrodes for 
a predetermined period of time. 

25 

9. The method for manufacturing the high pressure 
discharge lamp of Claim 8, 

wherein a frequency of the applied AC current 
Is in a range of 50Hz to 700Hz inclusive. 

30 

10. The method for manufacturing the high pressure 
discharge lamp of Claim 7, 

wherein, in the protruding part formation step, 
the protruding part is formed by applying an AC cur- 
rent between the first and the second electrodes for 35 
a predetermined period of time. 



11. The method for manufacturing the high pressure 
discharge lamp of Claim 10, 

wherein a value of the A de is almost equal to 
a length of decrease In the distance between the 
first and second electrodes resulting from the for- 
mation of the protruding parts In the protru dent for- 
mation step. 

12. The method for manufacturing the high pressure 
discharge lamp of Claim 6, 

wherein the sealing step further comprising the 
step of: 

filling the arc tube with mercury so that a mer- 
cury vapor pressure is in a range of 15MPa to 
35MPa Inclusive when the lamp is lit up In the 
steady state. 

13. The method for manufacturing the high pressure 
discharge lamp of Claim 6, 



15. A lighting method for a high pressure discharge 
lamp in which a pair of electrodes that each have a 
head at an end of an electrode rod and a protruding 
part formed at an end of the head are provided so 
that the heads of the electrodes face each other in 
an arc tube, v^here'in each head Is thicker than the 
electrode rod, comprising the steps of: 

increasing a discharge arc current applied be- 
tween the electrodes, In case that a monitor 
voltage between the electrodes becomes less 
than a predetermined voltage; and 
decreasing the discharge arc current applied 
between the electrodes, in case that the moni- 
tor voltago becomes the predetermined voltage 
or more, 

wherein these steps are alternately repeated. 

16. A lighting method for a high pressure discharge 
lamp in which a pair of electrodes that each have a 
head at an end of an electrode rod and a protruding 

40 part formed at an end of the head are provided so 
that the heads of the electrodes face each other in 
an arc tube, wherein each head is thicker than the 
electrode rod, comprising the steps of: 

45 a first step for setting a frequency of an AC cur- 

rent applied between the electrodes at a first 
frequency when a monitor voltage between the 
electrodes rises to a first voltage; and 
a second step for setting a frequency of the AC 
50 current a1: a second frequency, when the mon- 

itor voltage drops to a second voltage, the sec- 
ond voltage is tower than the first voltage; 
wherein the first and the second steps are al- 
ternately repeated. 

55 

17. The lighting method for the high pressure discharge 
lamp of Claim 16, 
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wherein the first frequency is less than 50Hz, 
and 

the second frequency is in a range of 50Hz to 
700Hz inclusive. 

5 

18. The lighting method for the high pressure discharge 
lamp of Claim 16, 

wherein the first frequency is 750Hz or more, 
and the second frequency is in a range of 50Hz to 
700Hz inclusive. io 

19. A lighting devicefor a high pressure discharge lamp 
in which a pair of electrodes that each have a head 
at an end of an electrode rod and a protruding part 
formed at an end of the head are provided so that is 
the heads of the electrodes face each other in an 

arc tube, wherein each head is thickerthan the elec- 
trode rod, comprising: 

a current generation means for generating a 20 
current which is applied between the pair of 
electrodes; 

a voltage detection means for detecting a volt- 
age developed across the pair of electrodes; 
and 25 
a control means for controlling the current gen- 
eration means and allowing the current gener- 
ation means to adjust the current between the 
pair of electrodes according to a detected result 
by the voltage detection means. 30 

20. A lighting device for a high pressure discharge lamp 
in which a pair of electrodes that each have a head 
at an end of an electrode rod and a protruding part 
formed at an end of the head are provided so that 35 
the heads of the electrodes face each other in an 

arc tube, wherein each head is thickerthan the elec- 
trode rod, comprising: 

a current generation means for- generating an 40 
AC current which Is applied between the pair of 
electrodes; 

a voltage detection means for detecting a volt- 
age developed across the pair of electrodes; 
and 45 
a control means for controlling the current gen- 
eration means and allowing the current gener- 
ation means to adjust a frequency of the AC 
current between the pair of electrodes accord- 
ing to a detected result by the voltage detection 50 
means. 
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